Allozyme variation of diploid loach Misgurnus anguillicaudatus was examined in samples collected from 44 localities in Japan. Genetic differentiation was estimated based on allele frequencies of 12 enzyme loci. Nine loci (36.9%) were polymorphic «0.95 in major allele frequency) and average heterozygosities were unusually high (Ho=0 .110±0.051, He=0.131 ±0.052). The coefficient of gene differentiation (Gst=0.774) suggested high genetic differentiation among populations. Based on the unweighted pair-group method using arithmetic averages (UPGMA) dendrogram, loach populatiqns were grouped into six clusters. The population of Memanbetsu, Hokkaido (group 1) was remarkably different from others (0=0.286). Populations distributed in Niigata, Nagano, Tochigi, Saitama, Chiba and Shizuoka Prefectures (group 6) were also genetically distinct from other loaches (0=0.192). These results suggest genetic differentiation among groups 1,6, and other loaches may be inter-subspecies level. Other loaches could be separated to four clusters (groups 2-5) at 0= 0.100-0.065. Genetic differentiation among them seems to be at local race level.
INTRODUCTION
The loach Misgumus anguillicaudatus (Cobitidae, Cypriniformes) is w(dely distributed in Japan, Korea, Sakhalin, Taiwan and east coasts of Asian Continent from Amur River to North Vietnam.! Although the taxonomic relationship among these loaches has not yet been clarified, presence of taxonomically or genetically distinct loaches has been suggested. Oliva and Hensel determined, on the basis of morphological observations, that the specimens from Yang-tse-kiang, China, belong to Misgumus a. tungting Nichols, b~t those from Hyogo and Kagawa Prefectures, Japan, belong to M. a. anguillicaudatus Cantor. 2 They also determined that the specimens from Nagasaki, Kyushu, and Kagawa Prefectures, Japan, belong to Misgumus mizolepis elongatus Kimura. However, cytogenetic studies have shown that the loach M . anguillicaudatus from Hubei Province, China, is tetraploid with 100 chromosomes,} but the loach in Japan is diploid with 50 chromosomes.4--6 The allelic *Corresponding author: Tel: 81·138·40·5535. Fax: 81·138·40·5537. Email: araikt@fish.hokudaLac.jp 'Present address: Faculty of Fisheries, Hokkaido University, Hakodate 041·8611, Japan.
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differences were observed at the two diagnostic isozyme loci LDH-l * and MDH~2* between normal diploid loach (2n=50) and natural tetraploid loach (4n= 100) which had been found in fish dealers. 7 In Japanese diploid loach, Kimura examined the genetic variation of samples from Aomori, Akita, Ibaraki, Aichi, Gifu and Shiga Prefectures by protein electrophoresis and concluded presence of two geographical races. 8 Dong et al. strongly suggested sympatric distribution of the unknown loach species which has never been found as a species, together with M. anguillicaudatus in Torentsu river, Ibaraki Prefecture based on allozymes and morphological traits. 9 Recently, Zhang and Arai reported 25 triploids in 181510aches collected from 35 localities in Japan and they also found the diploid loach, which laid unreduced diploid eggs, in the locality showing a relatively high frequency of triploids. lO They suggested that natural triploid loaches might have resulted from fertilization of such unreduced eggs. The occurrence of such unreduced diploid eggs has been reported in unisexual vertebrates with hybrid origin!! and interspecific hybrids. 12 Thus, the appearance of such a unique diploid loach and natural triploid individuals suggest the presence of genetically distinct loaches and possible hybridization between them in nature.
As described above, previous genetic studies of this species are still fragmentary and inconclusive, but seem MR Khan and K Arai to be suggestive for the presence of genetically distinct loaches. In the present study, allozyme variation was surveyed among samples from 44 localities in Japan by starch-gel electrophoresis and then genetic differentiation was examined by the cluster analyses based on allele frequencies of gene loci examined.
MATERIALS AND METHODS

Fish specimens
Samples of the loach Misgumus anguillicaudatus were collected from 44 different localities from Hokkaido, Honshu, Shikoku, and Kyushu Islands, Japan, from May 1996 to October 1998 (Table 1) . Loach samples from Nakamura (sample 43 in Table 1 ) were collected from the water way of a carp farm, and' those from Hirokami (sample 18) were from ,a fish farm. Other samples were cQllected from rice fields, rivers, lakes, ponds, or artificial water ways. After confirmation of diploidy of each sample by flow-cytometry for DNA content of erythrocytes,13 muscle and liver tissues were taken and immediately frozen at -80°C, then stored until electrophoretic analysis. In samples collected, no mud loach M, mizolepis was found based on their external morphology.
Electrophoresis
The enzymes analyzed, E.C. numbers, abbreviation of enzymes and the buffer systems used for horizontal ·starch-gel electrophoresis are shown in Table 2 . Electrophoresis was conducted using amine-citrate buffer (CA 6, CA 7)14 and tris-borate-citrate-lithium hydroxide buffer (TBCL) system. 15 After electrophoresis, the gel slices (about 1 mm thickness) were histochemically stained for different enzymes as described in Allendorf et al. 16 and Aebersold et al. 17 with some modifications.
Loci were numbered consecutively from the anodal to the cathodal side. Thus, the most anodal one was designated '1'. Gene nomenclature followed by Shaklee etaL18
The electrophoretic bands corresponding to multiple alleles at each locus were alphabetically named as *a, *b, *c ----in the order of detection.
Genetic analysis
Allele frequencies were calculated directly from observed genotypes. The distribution of observed genotypes was compared with that expected, calculated from the Hardy-Weinberg equilibrium using a X 2 test. When the most common (major) allele existed in a frequency less than 0.95 at a given locus, this locus was regarded as polymorphic. The mean proportions of heterozygous loci per individual, mean proportions of polymorphic loci per population and a~verage number of alleles per locus were calculated so as to show the extent of genetic variability. 19 Expected (He) and observed average heterozygosity (Ho) were also calculated. 20 The coefficient of gene differentiation (G ST )21 was calculated in order to estimate diversity between sample lots. Genetic distance values (D)21 were calculated from . all~le frequencies for all possible pairs of sample lots. The analyses of allozym~ data were performed using BIOSYS-1 version 1.7. 22 Based on the D-values, a dendrogram was made using the unweighted pair-group method using arithmetic averages (DPGMA) method.
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RESULTS
Allozyme variation and genotype
The electrophoretic patterns of muscle and liver samples showed that the enzymes were controlled by 12 presumptive loci. Allele frequencies were calculated directly from observed genotypes at these loci in samples from 44 localities (Table 3) . Aspartate aminotransferase (AAT), esterase-D (EST-D), and tricerol-3-phosphate dehydrogenase (G3PDH) were dimeric enzymes and heterozygotes exhibited three banded pattern. Each enzyme was controlled by at least two loci. However, genotypes were presumed in AAT-I *,
EST-D-I *, and G:3PDH-I *, respectively. Creatine kinase (CK) was a monomeric enzyme controlled by at least two loci. The genotype was determined only in CK-2*.
Schematic representation of electrophoretic patterns of lactate dehydrogenase (LDH) is illustrated in Fig. 1 . Lactate dehydrogenase was a tetrameric enzyme controlled by two loci: LDH-I* and LDH-2*. Three alleles were involved in LDH-I * genotypes, while there were two alleles in LDH-2*.
Malate dehydrogenase (MDH) was a dimeric enzyme controlled by four different loci: MDH-I *, MDH-2*, MDH-3 *, and MDH-4* (Fig. 1) . The MDH-I * locus was faintly expressed in both muscle and the liver, and reliable genotypes were difficult to read. In liver, genotypes of MDH-2* were easily read . because of the suppression of the MDH-3* locus. Genotypes of MDH-3* were presumed on the electrophoretic pattern of muscle samples. MDH-4* was expressed both in the liver and muscle, and genotypes were presumed on the electrophoretic pattern.
Mannose phosphate isomerase (MPI) and phosphoglucomutase (PGM) were monomeric enzymes, controlled by single MPI* and PGM* locus, respectively. Three alleles were detected in both loci. Genotypes of PGM* locus are schematically shown in Fig. 1 .
Superoxide dismutase (SOD) was a dimeric enzyme and controlled by a single SOD* locus which was strongly expressed in liver tissues. The SOD* ocus was polymorphic and seven alleles were detected (Fig. I) . 
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Total 923 1 Parentheses indicate name of river (R), lake (L), pond (P), or water way (W). Other samples were collected from rice fields or fish farm (samples 18 and 44). Bracket indicates name of a section in city (C), town (T), or village (V).
2 Collected in different sections in the same town. Distance between the two places was very close (about 5 km). 3 Collected in different sections in the same town. Distance between the two places was very close (about 2km).
The X Z test was made in all the cases of polymorphic loci between observed and expected genotypes, based on Hardy-Weinberg equilibrium. However, the test was not effective in many cases in which the expected values were <5 .
Genetic variability
The mean proportion of heterozygous loci per individual was 27.4± 14.5 (mean±SD) % from the average of 44 , sample lots and ranged from 5.6% (sample 35) to 75.0% --
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'sla %1118. 'ala :la/a 'aib 'ala 'ala TableS. A dendrogram was drawn by the UPGMA method as shown in Fig. 2 . When a vertical line was drawn across the dendrogram as an attempt to deliminate a group having 0==0.06, six groups can be recognized (Fig. 2) . The sampled localities of each group are shown in Fig. 3 . Group 1 comprised only of the Memanbet' u population (sample 1) was clearly separated from others (D == 0.286). Average genetic distances between group 1 and each of the other groups were large (0.246-0.385) as seen in Table S . Group 6 was then separated from other four groups at the O-value of 0:192 (Fig. 2) . Average genetic distances between group 6 and each of the other four groups were relatively large (0.216-0.089 ) as seen in "   Table S . This group included loaches distributed in the central area of Honshu island from Shin-etsu, Kanto to Tokai districts, comprising Niigata (except for Hirokami population) , Nagano, Tochigi, Saitama, Chiba, and Shizuoka Prefectures. (Fig. 3) . Table 5 In other loaches from 34 localities, the cluster comprising groups 2 and 3 can be further separated from that comprising groups 4 and 5 at the D=0.100 (Fig. 2) . The genetic distance between groups 2 and 3 was 0.069 and that between groups 4 and 5 was 0.065 (TableS). Loaches of group 2 were discontinuously distributed in Japan (Fig. 3) . Based on the geographical distribution pattern, they can be subgrouped into three: {i) Hokkaido-Northern Tohoku (Iwate and Akita Prefec-. ture) district; (ii) Chubu (Gifu and Mie Prefectures)-Kinki (Shiga, Fukui, and Kyoto Prefectures) district; and (iii) Sanyo (Hiroshima and Yamaguchi Prefectures)-Shikoku (Ehime Prefecture) district. Only the Hirokami sample lot (18) was geographically isolated from the other subgroups. These subgroups cannot be classified by the genetic distances because geographically distant samples were often arranged as genetically close relationship as seen in Fig. 2 . Figure 3 
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DISCUSSION
The proportion of polymorphic loci per population was 36.9 (mean)±17.4 (SD)% in the loach. This value is much higher than the reported average (19.4±2.3%) based on allozyme studies in 41 marine teleost species. 26 When compared with freshwater species, the value is relatively similar to that for fluvial dace (22%)27 but higher than fluvial sculpin (3%),28 and land-locked stickleback (4%) .29 Thus, genetic polymorphism is maintained in the The G ST value (0.774) of the total population is nearly equivalent to those estimated in other Japanese fluvial fishes such as freshwater goby (0.698)30 anc! southern group of brook lamprey (0.629).32 This suggests a large proportion of genetic variation in the loach which may be due to differences among populations from different localities.
Loaches can be grouped into six as shown in the dendrogram. Group 1 (Memanbetsu, Hokkaido) was a highly .' 'divergent population which was separated from others at D = 0.286. • Arai, unpubl. data, 1999) . These localities seem to be in zones between genetically distinct groups shown in the present study. An accidental hybridization between genetically distinct loaches may give rise to the occurrence of sterile progeny or semi-fertile progeny which are able to produce u.nreduced eggs. In Hirokami, the occurrence of unreduced diploid eggs was found in diploid loach. 10 In other populations, the cluster including groups 2 and 3 was separated from that including groups 4 and 5 at the D-value of 0.100. The loaches of group 2 distributed all over Japan except for the central part (Shin-etsu, Kanto, and Tokai district) and Kyushu district. Group 3 was genetically close to group 2 and its distribution overlapped with group 2 in Chugoku and Shikoku district. Some samples, such as 31 and 32, and 40 and 41, were geographically very close, but they were separated into different groups (2 and 3). Group 4, distributed in Southern Tohoku district, was genetically close to group 5, distributed in Shikoku and Kyushu district. Genetic differentiation among these populations seems to be a local race level, judging from the aforementioned examples. 24 Although group 2 showed discontinuous distribution, . these samples are likely to be categorized into three geographically independent subgroups: Hokkaido-N orthern Tohoku, Chubu-Kinki and Western Chugoku-Shikoku, with the exception of Hirokami samples in Niigata Prefecture. These populations were not clearly separated as independent clusters by the present genetic studies using 12 allozyme loci. The analyses suggest that the loach has a tendency to split to a number of local populations, although the question of whether each population was wild or a mixture due to artificial factors such as implantation remains. Observed inconsistencies between genetic and geographical distances in several populations might be due to an insufficient number of samples and genetic loci examined. These problems must be clarified by a series of further studies on more samples using additional gene markers such as mtDNA and microsatellites.
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